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CaUOLkflOh OF UBORATOia  ] : IK I-TASURIJC THE ABRASION KSSIGTAliCE 
OF , A:; KÄDE FI3   .     I BZCS ABD BuiL'OS 

Introd^y-t 

Abrutior. rervirrtanoc- Is c <,     Hot   of ■•ChlB> Actcr» such as &peod, 
Mtort of     •   ■ broda .x. toatien i • ■ •'•; fabric factors such as 
«orfo-to-r    toro oi" tlu '«•:•.' .\ ceomctry oi' the yams arvl 
MbrSoj I td tin Lntoroetioa bol Iho Mchlnt aixJ Lh« fabric, which 
includes r-.-oh thinps u fHetloAj • . «r  n-raiu'o (l, 2). 
RocöTttly,   a sifr-iricunt ■■oont oi       Lentl        Ml bOM given to the ebtasion 
ehOMOttrii tici   of    ■     ■     : , : ■      ibri .-loria as a result of the 
irn'ortam fiiaotiont] trtiM .   '      nob fäbriof oflcr in areas steh 
as absorption cf iberrs'J emrgy,  :• l   I   nee, .•.hcmical resistance 
erkl "coirtfrrt" m u.>i Vj),    .'.ic first ;yitc.-^t. . study of the abrasion 
c'rracU'r. i tins of MBHMdi fÜMTl WM probnbly that of Har.burjjcr (I4) 
who showec t'r-.r. a factor Roverr..; r tlM abi i?ion refsi&taT.co of different 
flbnr specie« was WürV-lo-rirpt^rr«, n-J wh^,    rr. able to cbtain an excellent 
ralatloatblp »setveea ' uuri.bilit,,' ooMflelMtf* and "erK'rcj coefficients* 
for a nur^sr of diflcront Witex'iais. 

At present, a study is underway in our laboratory if tpe abrasion 
resistance of 15 prototyre fabrics rjcrcser.t^mr ßinrln (ISAT* r.-vn**w./«Mrtn« 
anu Diem:   0;  12 dtllerent flborj^   t*he pmpö.ö of evaiuiling this proup 
of fab'-.      ^-. l-o cblr'-. K ii pui-ax-lc, a pattern of pcrftrance which nay 
bo relatrl.t- tc jr.hcr:nt. proiH-rt ice su^h as wori-to-rupture, weltinj point, 
and frlct,-^n,    ThtJ p*«i..c«l«ir re: ,rt prescntn an inteixsv-tng by-product 
of thi« study, which do onatrate» the i elate irxps of see laboratory 
instniTw.-.0. for evalu.stinc wcar.Äiid the ccnja6t'.n«.-y with tlinories of 
wear, w.ac-.» Jiavo been established.prir;arily for netals^ hot have been 
found applicable to viscoelactic ir.aterials aiao, 

FxneriircnV.l Procedure 
• 

The fabrics selected for this study included itost of the fiber clasfres 
defined b.   tlfc Fedej al Trade Comission su.h ac.:    nylon, polyester, 
acrylic, ronacrylic, j^ytril, visco^e and tritU3tate.    In additior.  they 
rej>re8fcntc;ü both filiinent and spun yarn concti uctiorvs in binnds and lOOyC 
single fitor co^orition.   Several weife types and fatrJe weigatr were 
used.   Tl.e fabric sarplfc were all tei»U;d with the ba;k adjacent to the 
abradant.    This procedure was follcwed in order to make the results 
consistent with thoce obtained on the standard 0,6 02. carded cotton 
sateen, which is nonra^ly worn wi*h the bacJ   of the fabric to the outside 
of the.tar.lent.    In the case of 10 of the fabrJcs, whitn were cf a plain 
weave, the reversal fror face to back would r.-Ve no dilforenco since 
theBO coirtructions are identical on both side.1'.    In the case of *-he 
other 5 fabrics,  three of which were sateens and two tmlls., the reversal 
would r,J '   a difference in level of abrasion obtained.   However   sin-e 
ail millUvy sateon* are worn with th? back of the fabric to the cut-side, 
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this procedure  Is locical and norr-al for the three satcom?.    For the U:o 
twills 1'icr,, recognition rhould be- t;i">w \c ihtl revrrafd. in intfrprctlrß 
the abra'-ion Vtttnlta o>taJned.    The MbriOf MN tvalttCMI in the vary 
direction only, on UM i^1 J11, LIT, and ^^nd Auradera,    On tho Tab.;r abi-ndcr 
the action lo rultidjirctlonal, so that both yarn sybtoiia vore subjoctod 
to the abrasive action. 

Tho mechanical action of UM  four abr.iMon nnchir.r-j has 'uO«in dcftcrlbcd 
proviously (5, 6,-&7).    A oketoh nMiSlai ttie essonti.ai 'iiffcroncep 
in mechanical action of th* four MflklBM If flflB in Flgvi^i 1. 

The notations "adhesive" arH "abraeivi ^ wear in FLgnrt 1 refer to 
tho two theories for the wear of netals developed by Ai-chard and K binowic?., 
which are applicable In rone rcrpacts to tcxiile fabrics.    Adhecivt  wear 
is a type of wsar action which results fro^. intertictlor;«: at the surface 
of the p^attrial bcin^j abraded and the abradant.    ITie forces Involved ai*e 
molecular in natur**—leading lo Cht forrat^ori of roleculnr woldt» vkieh 
are sheared by relative Motion of tho »urfc-.o, producinj, wear pirticles. 
Since th's is a surface phenorenon, adhesive wear is markedly reduced 
by the presence of bow dary lubricants.    Abrasive wear, on the othor hand, 
ijivolvrs an actual ponotration through the surface of the naterla] being 
abraded by an abradr:'  particle.    Relative notion then results in the 
gouging or nlougiri^ o«t of raterial.   Since the stirface of tho mateiial 
is penetrated by the abradant, this type of wear is rolrttiv-'ly üirt-noitivc 
to tho presence of lubricants.    Sliuiies mado on tlie wear course at Fort 
Lee and sere practical wear tnain inoicatc tnat tno vpe oi iieia wear 
of most concern to the Army is  "abrasive".    On tho other hand, there are 
special areas, such as in the cuffs of trousers, where wear is probably 
predominantly adhcrlvo« 

Previovs work done in our lr.V»oratorien der.onstratod that the Stoll 
and BFT abraders are of the adhesive wear producing type, and results 
obtained on this instrument will bo considerably influenced by the rrcaerco 
or absence of lubricants on tho fabric being evaluated.    As much aa a 7- 
fold Jrcrc.ise in a>rasion life on theso Machines can result from tie 
application of a relatively »rail amount of a lubricating type finish to 
a fabric.    The Taber and Sand Abraders, on the other hand, are of the 
abrar.lv.; type.    In bith instance:., abradant particles penetrate tlirough 
the aurface of the fabric being abraded and gouge out fibrous substance 
by a snagpir^ or cutting action.    In both of these initruments, the 
prerence of lubricant in the fabric has little effect on the end rerult 
obtained. 

Tho ond-point of testa on the Stell and BIT abraders is tho number 
of cycles to rupture.   This is an objective end-point and requires no 
Interpretation on the part of tho operator.   The end-point of the tests 
on the Taber and Sand abraders is the number of cycles to produce a 
certain predotcmlncd level o.*'    prirex.t damage as detrnined by visual 
exar.ination.   This is a subjc   4. ve end-point which requires conclderabla 
intrtpretation on the part of  tne operator.    Separate studies (6) are 



bf^lng conducted U> Invaatlfäti.   caions for rvaklng thic cr>i-point norc 
objective.   Accordingly,  t.h? *al<9M rtportod for iho Tabor and Sand 
abrad-! ;• h*7f rflativ" fciL;nif'idnce oaly, rlnce the abiolvitc rranri»-tude 
of the cycleo way Tary depe; ron "iha operator and the level of 
darcoge decired for Ihe portiruliu* MqpanDt of oawplo^. being run.    In 
this puiUcular Pt .J-, the cvrln^tion ol th; end-pomt wa« wade by one 
oporonr over B \(ty rfmrt i       .pan and ev.-ry effort was made to be 
consi&tetit fron n:. plo-to-sv      j, / 

Hcgults 

Complete data for the abrr.Hi.on tests arc given In Table I,   Particular 
attentiou shotüd bo given U» tl;«. varict/ of fiber compositions, the 
range  in weights and the diffcirnt weave types employed.    The scale values 
for the different tret instrux&nts is worth noting.    The Stoll results 
ranged from 190 to I'.^SlO wiUi an tomngfi cf ii570 cycles.   The DFT frorc 
120 if  16,CU0 with ixn averaro of 35^.    *abor from 110 to 3900— 
average of lOliO.    Sani fron 9.^0 to 8000  -average of 3750.    The high 
valuHi;  for the IFT ai 1 Stoll arc characteristic of fabi ics with a 
lubricating type of surface iT.LKh,   ELv.ination of thio finish by 
chlorofoivi extroctr-cn wc-ulu probably r-.c ice the high Stoll and Bx-T 
valticc to a much lew range.   Also POtmMtikf is tl:o fact UXA*. the 
BIT values averagc less than the Stoll.    This Is a result of the .T.sre 
y-*r,* \ o^.rin«t.lnn rtf f.h« flmr hi ad« of thti BFT.   The Bi'T is thui- cor« 
econonical from the standpoint of number of »amploa vtilvii can be 
run per unit of tlna.   Likewise,  thfi T^icr le more efficient than the 
Sand ahrader from this starylrcint.    On the other hand, uith longer 
tlree to failure, It la possible to obtain nora precision In results 
with a larger spread among sa-aplo avci.;'i.    LogaritliTijc plot« of 
the data are prr&entcd In Figures 2 to 7, inrluslvc.    The closest 
agreerent la oblaiAtl In t».- jlots of Tabar ra Sand (Figure 2) and 
Stoll vs BFT (flgpN 3).   This is a comcqucive of the fact that in 
each rf these plots the aane ti-pe of abrasion Is being evaluated.   On 
the other hand, the plots of Sand vs Bi-T (Figure I4) and Taber VI 3toll 
(Figure 5) do net «how aa good agreeiicnt. which would be an expected 
result since the Instruacn^s In each of these groups represent different 
typee of abraeivo action.    Stoll vs S. .:d (I'igure 6) and Taber vc BFT 
(Figure 7) also do not agree aa well.    An estimate cf 'ha spread in 
data was pbtairrd by sunning the squja.r of the distances of the 
Indiv-du.^l poi'jU from the estlrated regression lirvj,    Wiillc this is 
not atatiatlcaliy preciae, It nerve« an a rough n.casura of variability 
from the straight lines.   The suns of the nquarcs for the various 
correlations arc precented in Table 11, 
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wr +mm 

STOLL 880 

TABSR 3360 

Si.KD lyyo 

TAIiLE II 

of Bflggg I of Linear Levlationn fron Recrf-Tflion Lirwe 

BIT STOIX TABER SAND 

860 3360 1970 

— 2660 1590 

2660 — 260 

1590 280 — 

For instnur.cnts that produce the same typos of wenr actions, tho 
sumo of »«uares are relatively low, e.g. 880 (BFT v& Stoll) and 280 
(band ve Tabcr).    For inatrunenta that produce different tnpes of v;ear 
actions, the sums of squares «re relatively hifh, e.f% 1970 (Sand vs 
Bi-T) and 3360 (Tabcr vs BFT),    Wnlle these data cannot bo accepted as 
absolute proof of the siroDarity in rxchanions of the rachines involved, 
they do shev a strong asnociatlon bctwcji the theoretical expectaticna 
and the experinonttl evidence,    Tho fact tiat thei.o relationehlns were 
detcmit   r". on a f peel rum of sarcles rangir^ as wideJy as these did in 
fiber corpocition, ve&ve type, ara wei^ii aacs some etrongin to we 
conclusions that are drawn, 

Coirjjuflfns 

1,   Atrasion machines which produce sirilar tyron of wear actions 
tend to ccrrelate with each other for a wide rang» of textile fubric 
types. 

2«    Tho Taber and Sand abraders which produce a typo of wear action 
which nay be described as "afcrarlve" correlate closely within rathor 
narrow tolerance limits. 

3«   The BFT and Stoll abraders which produoe a type of wear action 
which may be described as ,ladhcr^ivc,, corrolate closely within rather 
narrow tolerance limits« 

lu    Instruments which produce different types cf wear actions do 
not correlate as well« 

Recownendati ons 

1.   It is recomended that the BFT abradar bo \;red in Heu of the 
Stoll where it id desired to obtain an indication of "adhesive*1 type 
wear.    Evaluatiens nade on the BfT should bo done with both extracted 
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and unoxtractcd sajnplcG to pefreci^ the' inflMBM of the preeence of 
lubricant typo finlBh^s, 

2.    It is reconr.ciided that a more dötailt-d ftutly be made of both tho 
Sand am UbM1 abmderc, and potcibly of other abradorc ruch aa tho 
Wyzenbcck ai^d tha Rot;rry Iiapact, to dctcmiini.- viu-ther «n ob-joctivn 
ond-polnt cr.u be worked out for ingr of thorr In^tra-ienir; in tho interest 
of havine a more precire tool for evaluatinj; "abrasive" vear, which ia 
of prime irportance for combat and utility clothing. 

Refercncps 

1, Ball, H, J. - "Problcrs Which Abrasion an.] r/ear Toating Present", 
Textile Kesearch Jo'irnal 

2. Backer, S, - "VTear Horistanco", Textile Scries Report No, 61, 
OQfiG, RkD,  (Septe.bor 19l9) 

3»   Vainer, L, I. - "Sor.'o Aspoctr of the Performance of Hai*-Madc Fibers 
in Military Clothtn* iabrics". Textile J-T^meriring Report Ho, 300, 
May 1962 

Textile Reaearch Jownal, 1^, 169, (l^UlJ) 

$•   Federal Specification CCC-T-]91b - Textile Tost Methods - Hos. ^r-OO 
and 5306 - (Description of Stell and Tabcr Abradcrs) 

6«    "Abrasion Resistance of Spun Kayon Blond Fabrics ii/ith Creaoe-Rnsictant 
finishes DetenniiKd by ItfT Kark III Ical^r*, Secorrl Revised tdition, 
DLanond Industry Supply Acsociation, Ltd., 35 Greenville Streot, 
Holborn, London, £, C, I,, England (Auguat 195>6) 

7,   Weiner, L, I,, -   A Survey of 18-Ounco Blended Serpo Fabrics:   Wear 
Reeictanse, <H R.-search and Ln^ineering Coiuoand, Textile Series 
Report Ko, 123, Ibvember lf'62, (Description of Sand Abrader) 

6»   Veiner, L. I,%- "Analyais of tho Rate of Abrasion of Textile fabrics 
Using beta Absorption Techniques11, KI£i No. 8226, 1 November 1962. 

/ 



MECHAWISi/. OF ACTION OF ABRADENS 

TYPE Of SUASION 
■ ■ i •: 

STOLL   FLEX 

PREDOMINANTLY 

ADHESIVE 

rABftiC 

U 
[[fLEX_B/.R ~~) 

PREDOMINANTLY 

ABRASIVE 

B.ET.   FLEX 

PMM 

/ 

TAG ER 

SAND 

» 

TOP VIEW SIDE VIP' 

ABRASIVE WHEELS 

FABRIC 

PABXIC Hc*.0CR 

IA1 ~ijii««ri mi dii 
I BLOCK 
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Figure 1 
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Figure 2, Comparison of Taber and Sand Abrasion 
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Figure 3.   Comparison of Stoll and DFT Abrasion 
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